DOCUMENT R'iSUME 



ED 342 658 



SE 052 605 



TITLE 

INSTITUTION 
SPONS AGENCY 

REPORT NO 
PUB DATE 
CONTRACT 
NOTE 

AVAILABLE FROM 

PUB TTPE 

EDRS PRICE 
DESCRIPTORS 



Academic Research Equipment m computer science. 
Central Computer Facilities and Engineering: 1989. 
Westat, Inc., RocJtville, md. 

National institutes of Health (DHHS) , Bethesda, Md.? 

National science Foundation, Washington, D.C. 

NSF-91-304 

Jan 91 

SRS-8B2ie76 

33p. 

National Science Foundation, Washington, DC 20550 
(free) . 

Reports - Evaluative/Feasilsility (142) 

MF01/PC02 Plus Postage. 

Budgets; •Computer Science; Engineering; 

Expenditures; Facility Inventory; Financial Support; 

Higher Education; Laboratory Equipment; *Needs 

Assessment; ^Research Universities; Surveys,- "Trend 

Analysis 



ABSTRACT 

This monograph is one in a series of analytical 
reports presenting findings from the National Science Foundation's 
1989-90 National Survey of Academic Research instruments and 
Instrumentation Needs. It describes recent national trends in 
academic research equipment and equipment needs in the fields of 
computer science and engineering, it also documents equipment trends 
in central academic computing facilities. The aata were obtained from 
a sample of 55 universities statistically selected to represent all 
institutions with annual science/engineering research and development 
expenditures of $3 million or more. The analysis compares data 
obtained in 1989 to similar data collected from the same institutions 
in 1986 and 1983. Information about current needs and priorities 
refers to the year the survey was conducted; information about 
equipment amounts and expenditures refers to the year prior to the 
survey (i.e. 1988, 1985, 1982). The study is limited to research 
equipment oriunally costing $10,000 or more per system. Sections 
under the headings of computer science, academic computer centers, 
and engineering include some or all of the following information: (1) 
annual expenditures; (2) inventory size and composition; (3) 
department assessments; (4) sources of inventory funding; (5) 
equipment needs and priorities; and (6) institution profiles. A list 
of sampled institutions is appended. (KR) 
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HIGHUGHTS 



This mcHu^aiA k (me in a sere» df analytical reports presenting finduigs from the National Sc^na 
FoiindatkMi's 1%9>90 Nmwmi Swvey cf AtM^nic lUsean:H Instnmmts and In^umenmUm N^ds. It 
d»aibc» recent national trends in academk research eqaiimeirt aiKl eqiiifmient needs m the Gtkk of ccnnpnter 
$ci»tt and ei^ineeru^ It also ^)cuniems eqniiment trends in central aa^ieniic ccmiputing facilities. The 
data wax detained from a samfrile of 55 univeratira ^^ktically selerted to rei^resent all institittkms with annual 
sdence/en^neerii^ R&D eiq^enAtur^ $3 miffion or mmc. The analysis onnpares (teta c^airod in i9S9 to 
similar d^a coUedied from the same in^titticms in 19S6 and 1983. Informaticm alK>ut current needs and 
p'kMities refers to the year the survey m& condwted; infmnation about equipment amounts and expei^tures 
refers to the year pAm to the surv^ (i«e^ 1^ 1965, and 1982). The dudy b limited to research equipment 
or^^nally costing $10,000 or mc^re per sy^em. 



COMPUTER SCIENCE 

■ AnnmU Eipii|mient Pimdmses. The period frraa 1%2 to 1^ saw a {N'oUferation of a)mputcr sdence 
departments and a marked increase in annual research equipment purdiases, from S20 million in 1^ to 
$49 millicm in 1985. R^arch equipment purchases in 1^ levied off to $45 million, slightly below the 
1985 figure. 

m Amunulated T<^ Araonnt <rf Eqnlpnnmt. The aggregate {mrchase price of all in-use researdi 
equipment in computer science more than doubled frcnn 1^ ($50 million) to 1^ ($114 milUra). By 
the end of 1^ the accumulated tcrtal had increased further, to $168 million. The 1985-88 increase was 
a comparatively modest 47 percent, after adjustment for inflation, refle^ing the recent ^abilization in 
annual equipment purchases. 

m Pmei^mis. Despite the slowed rale of equipment growth, three*fourths of all computer sdence 
department heads reported net increases in tl^ amounts of research equipment in the l%6-89 period, 
and the perwntage reporting that their researchers cannot f^rfcmn critical experiments in their areas of 
interest due to uadequate equipment d^dmed from 92 percent in 1983 to 59 i^rcent in 1989. However, 
85 percent of computer si%nce department heads also reported that their instrumentation needs had 
increased over the 1966-89 period. 

■ TypK ^ Equipment In computer science, the greater growth in the 1^5-88 period was seen for 
equipment at the Iowa end of the study's {mw range. Specifically, networks and single-user 
workstations in the $10,000 to $49,999 rai%e grew from 27 percent of the tc^ 1985 investment to 35 
percent by 1988. Overall, equiimient systems coding $10,000 to $99,999 accounted for 62 percent of the 
aggregate investment in 1^8, up from 51 percent in 1985. 

m Funding Sourcn. Despite the growing prominence of single-u^r systems and netvrarks at the lower 
end of the ptkc spectnnn. Federal funding suj^khI became inaeasin^ focused on large systems* Thus, 
although the overall Federal sl^re of tl^ liioding for i^maputer sdenn research equipment declined 
from 1^ (53 percent) to 1988 (42 percent), the Federal diare for equiimient in the $400,000 to 
$999,999 range increased maricedly, from 23 percent in 1^ to % percent in 1988. The Department of 
Defense and NSF were the {mncstml providers of this Federal raiqx>rt. 

a Needs. This growing Federal fociB on pro^^ding financial support for relatively high cmt computer 
scieno: research equipmeitf seems ccmsistent with the widies of the user community. The per^nti^ of 
computer science department heads who recommemied that increased Federal support be concentrated 
cm equipment in the $50,000 and over range grew frcmi 24 pei^nt in 1^ to 58 percent in 1^. 
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ACADEMIC COMFOIER CENTERS 

• Most ctdk^ aad mhimto bave a smg^ geiietal-in^^ 

used tt least partly im research. A few also have computer cemexs that are dedicated entirely to 
researdt use. AddUicmaSy, five NSF National Supercomputer Centers, which provide further computii^ 
resources for Bcadcmic sctcnti^ and engineers, were in operation by the end of 1988. 

■ Total Amount of Eqidpa^nt The a^regate purchase price df the equipment in these central 
ojmpttting facilities more than doubled from 1982 ($423 miUkm) to 1985 (S577 millkm). It grew at a 
slower pace over the next three years, increasing to $13 billion by the end of 1988, an inflatioa-adjusted 
increase of 37 percent from 198S to 1988. Much of the overall gr^Mh from 1985 to 1988 was due to the 
NSF National Supercomputer Centers program, which extended irom $16 million of on-line equipment 
in 1985 to $247 million in 1^. During the same period, other academic computer centers grew only 13 
percent. 

ENGINEERING 

■ Annual Equipmait Pnrchuct. Controlling for inflation, annual purchases of cnginccriag research 
cquipmcm increased by 33 percent from 1985 ($174 million) to 1988 ($251 million). Similar growth 
occurred during the previous three-year period. 

■ Accumulated Titel Amount Equipment The aggregate purchase price of all in-usc engineering 
research equipment increased by 86 percent, in constant dollars, from 1985 ($435 million) to 1988 ($884 
mtUioii). 

■ SabMds. Electrkal ei^eering was tl» subfield with the largest amount of r^earch equi{mient in 
19S& ^249 million), and it had a relatively high rate of growth from 1965 (102 percent). Materials 
en^neeriiQ (indudii^ m^eriak sckn^) was the sea»d-large^ subfield ($189 miUii»i), and it too had a 
high growth rate frmn 1985 to 1988 (UO percent). Hie cAher msgw en^neerii^ subfiel<b had smalter 
ammuts of mearch ojuijnnent and low»' instrumental&ni growth na» during tlus period (56-76 
percent). 

■ 1>pcs at Eq^i»icnt. Compilers and related equipment accounted for tme-third (33 perceitt) oi the 
t^ itt^nunentatkm inve^ott in engineerh^ they ccH^tuted nearly half of the equipment 
inwstment in electrical ei^ineering (49 percent). 

m Hnxj^km*. Man often than not, Iwatk oi oigii^rii^ departments reported improvemems over the 
last thrM years in the amount (69 per^t of departmente) and overall adequacy (51 poxent) of their 
research equipment On tl» (Hher band, 80 percent repotted that lhar instnunent^iim needs have 
increued over the 1^ three jnar^ and % percent stiU repented thai there are important leseardi areas 
where invnoigators in their department are unable to perform critical e)q)eriments due to of needed 
equipment 

■ &Niiiccf of Fimds. Federal fimdtug suf^xnt accounted for 38 per^nt oX the total 1^ tnvestmeirt in 
engircering research equi^nent, down scanewfaat from 45 per^ia m 1982; m the otixr hand, the share 
cmitributed by staie govenunem apprtqmatiinis mcreased fhnn 5 percent in 19S2 to 15 percent in 1%8. 
Mo^ other funding sources maintained ^aMe fumfing shar» over tha period. 

■ Federal Focos. Fe^ra! fimdii^ soj^xm increined niost raindfy fw relativeiy h^-ct^ ^ttii»nent For 
engin^ring researdi equifmiait in the $400,000 to $999,999 ran^ the Federal funding share grew from 
29 peieent in 1^ to SO percent in 1^, 

■ Needf . The perceived need for Federal instrumentation suppcvt amoaig engineering deiortment heads 
eadulnted m similar shift In 1^6, only 24 percent recommoided equipment citing $50,000 or mme as 
the principal area needing increased Federal support; 1989, this figiux had mcreased to 58 percent 



10 



Background and Statement of Limitations 



The data m this report cmie frxm the Nmk^ 
Swvey of Acsdrntic lUxwth Insmmmts wtd 
InsmmwOiOkm Nads. Thb trieanial im^am 
k condiHted by the Natkmal Scknce Fcmndatira 
(NSF), with maji^ suj^xM fnm the NMhm^ 
Institutes of Heahh(NIH). It b deseed to iiiimitor 
emergU^ instnimeiiti^fm needs and trends m the 
amounts, costs, and characteri^ks of aciKlemic 
researdi eqinjnnent in seteaed K^nce/engineering 
(S/£) &lds. The survey j^t^g^um was imdertaken in 
res{N>nse to a Congr^sicmal direOiw to the 
Foundation to "devek^ nditts, correlates other 
suitable measures w indicates of tl» Ualm ctf 
scientific imtrumentatira in the United Stats and of 
the current and projected m^d for sdentiftc and 
technok^cal instrttmentation,**^ 

The most recent data were collected in 1989 from a 
sample of enguieering departments and re^arch 
centers and from all cmnputer science departments 
and acackmic computer centm al a sample of 55 
universities and colleges statistically selected to 
represent the 174 largest R&D-performing 
inMitutions in the nation. The samided in^tutions 
are listed in Appendix A. The universe this sample 
rei^esents consists of those uni^rsities and coU^^ 
with reported ncmmedical S/E R&D eiq)emliture5 of 
$3 million or more in Fiscal Year 1^, wiiich 
collectively represented 90 percent of all FY 1%4 
nonmedical arademic S/E R&D esqienditures.^ 

The 55 sampted institutions contaii^ a tc^ of 396 
eligible ei^eering itepartments and research 
centers m 1^, from v^ch a stratilkd prt^bility 
sample of 281 was sek^ed Thew institutions ako 
contaiMd 56 eligible ciunputer scknce (fe|mrtments 
and fadlitks and 62 computer centers, all of which 
were included. The heads of these departments and 
centers were asked to complete a department 
questionnaire concerning their e^nditum, 
priorities^ and needs for research equipment. 
Computer center administratOTS were also adced to 
complete a brief que^nnaire about the ag^ type, 
and dollar amount of equipment in their centers. 



In addit]<»it samples of exiting research c^ui{mient 
were selMted in each suivq^ engineering and 
OMnpitter sdei^ departmeia ami mearch center, 
and ibg^ r^xi^^siMe fnindpal inveMipto' adted 
to a»n;^e i. tmef data form amecnux^ each 
instrument's cost, agt^ ccmditkMi, etc. Itie eqidpment 
sampfe was se^ed to re{NrKrat all bstnunent 
systems or^inalfy costii^ $10,000 m mon that were 
iis^ for S/E researdi at any time in 1S^« Hie 
remitting di^ were statktkally wei^ted to represent 
all such equqment $t all inAititfkms rqMmemed in 
the survey. All the data shown in this repcMt arc in 
the fcmn national estimates developed frcmi these 
sample As estimates, they are siAja;^ to variability 
due to samplii^ errwt Intimates of the sampling 
errors ^sodtfed with the survey tf^t^ra, and 
additional information iA»out <tetails the Judy's 
samjrfe design and data collection in^ruments and 
procedures, are available upon requi^ from NSF. 
Detailed statistkal tables, from vfaich the infcmnation 
preseitted m this repent was drilled, are also 
available upon request. 

All 55 sampled institutions participated in the 1^ 
survey, and data were obtain^ from all of the 62 
computer centers at these institutions. Usable 
questionnaire responses were obtained from heads of 
302 of the 337 surveyed ei^eertng and computer 
science ^imrtments ami research centers (90 
I^rcent) and about 3,408 of the 3,954 sampled 
research instruments m these ctepartments/centers 
(86 percent), 

Fmttings fr^m the current (1989) surray are 
compart to those frxm similar surveys conducted in 
1^ and 1{^ to examine trends over the three-year 
intervals between surveys.^ In all three surveys 
informatbn atH>ut cunent equijmient needs and 
priorities was c^Aained with reference to the year the 
survey was conducted; infonnation about equipment 
amounts and esqMsnditures refers to the year prior to 
the survey (le^ 1983, 1985, and 1982, respectively). 



An Act lb Aitthofm Anmpriilioiis for ActMiies for the 
Nitiooal Sdeace Fom^totiofi for Fitesl Year 1980, and for 
Otiier Puipoiei. Pi^&c Law 9644» 7. 

r>etai!edSutktkalTri>tei, NSF. 19BS, 



For fuitl^r infbnnatioii, conlact Or. Eiteea Cc^mi at NSF/SRS, 
(2Q2)S3M6SS. 

^For a dataited picaoilatiofi ol fiiMSii^ ft«B ibeae earUer studiea, 
see: mkm$l Scieaee Fotmdatiofi, Academic Reicaith 
Eouhimetit in Selected Sckiice/EiigfaKefteg Pkidi: to 
12fiS:fi(. SRS »Dh 3»m 1968. 
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In each ctf the three sub^a areas oomhied 
(computer soence, aca^kmic computer centers^ and 
enginmiiig), this repwt firrt <tesaribea oirrem ^atus 
and recent treiuls in eac^ing and Keded research 
eqi^raent. For engineering and ccHapitt«r sctoicep it 
tl^ presents statiokid pn^ites GC»itra^iQ« the 20 
largest (and, i^esumal:^, be^-equii^ied) R&D* 
performing insUtutims in the fii^ to instititttcms wHh 
smaller research prc^rams in that field on varknis 
indices of the average curreitt amountt compositkm, 
and aikqiiacy of their research equ^miei^ Tl»ae 
I^ofiles are intentkd to; (a) (tesa^ the Idmb and 
amounts df equipment that arc to be foumi at the 
best-equipped ^ademic research {m^rams m the 
nation, and (b) assess how the equipment skuatitms 
of the institutions with smaUer research {vc^ams 
compare to those of the best-quipped in^utions. 

Throughout this report, there are many references to 
percent d^nge in equipment dollar amounts from 
19SS to 1988* All such "percent change' %ure5 are 
adjusted for inflation, based on U.S. Bureau of Labor 
Statistics Producer Price Indi^ for equipment- 
related products. 



Computer Science 



The 174 bistHiiticmB represented in thb survey 
orayuned an estimated 147 cmnf^er sdence 
dei»rtments and fKil^ at least c»ie n»eardi 
instmnieitt ^stcm ceding $10^000 or mwc This 
docs not mdiuic academic computer centers, which 
are (fiscitssed separately. 



Annual Expenditures 

Sidjstantial growth oraurred in coUqp/ummsity 
ccHnputo' scknce <tepartmems fnm 19ffi to 1965. 
During that period, many new departments were 
created, total R&D emiditiires grew fn^i $148 
rnilhcm to $281 mil&Nir and annual {Hirdiases td 
r«earcfa ngnq^nent more than doubled, firom $20 
million in 1982 to $49 milliQn in 1985 (Tal^ 1).^ 
From 1965 to 19^ the number crai^wter scknce 
dei»rtmems ainl facil^es rem^'ned stal^ the rate 
of growth in ovo^ R&D spendii^ stowed,^ and 
researdi equipment purchasra dedined to 
$45 million m 1988. This levelling off of equifsnent 
purchases may reflect a gmeral stalnlization m the 
size of the field, decreasing unit a>sts oi much 
oanputii^ equipment, increasii^ reUamx on large 
supereompirter centers f<a mudi computer science 
researdi (central craiputer centers are disaissed 
later in this leport, and are ik^ induded here), and 
other fadors. 

Tc^ ejqxmditures for maintenance and repair of 
computer science research equipment, after more 
than doiiUing bom $6 million in IS^ to $16 miUicm 
in 1^, remairod relatively sUble at $17 million in 
1968. Nevertheless, a shift appeal^ in the relative 
{mqwftions at especditures (fevoted to mit^ 
maiittenance (service cc»^cts ami field service) as 
compared to maiiUenance institution personnel -• 
the two otf^cHies ^imt aboi^ equal in 1^, but by 
19S& e^^endkures for servin amtracts and field 
service grew to a^unt f<x ab(»it 70 percent of all 
maintenance and repair expenditures. 
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EjqieniUtures fiH the opoatifm ai compute science 
researdi equipment wen ascNtained fen- the first 
time m the 1^ survey, llirae costs, «4iidi totaled 
$15milli<m, indude an rathnated $12millkm fm 
technician salaries and $3millioa for su^dies, power, 
and other operating exp;»ises. When comMned with 
the $17 mil&m in auLual mamfenance/repaar a»ts, 
the annual cost d mainraining enstii^ researdi 
equipment in ooiputer science w, almost as great as 
the annual esqienditures fax purdiase €si kw research 
equijnnent: $32 nullira versus $45 million. 



Inventoiy Size and Comif>08ltion 

The ^gr^te purchase price of all in-use computer 
sdence research ^uiimient in the $10,000 and above 
range more than draibled firom 1962 ($50 million) to 
1^ ($114 million), as d^ amiual equ^rat 
purchues. However, in contrast to the flattentng-out 
that occurred in annual purchases from IS^ to 1988, 
tl» accumulated otfional stotk oi compuU^ adeacc 
research equifnaent ctn^ued to grow over this 
period, thou^ at a reduced pace. By the eiNl of 
1988, there was $168 miUkm in iuch equipment, an 
infI^i(»-Bd|u^ increase of 43 perce^ sboe 1985 
(Table 2). 



RtffW'MPr 'tolYeTlW^^BPtM26LW■^aiBltOll.DC 
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Tom $114 $168 

DtpBf^fwm 101 127 

Nonitspvtmsnsai ms^arch cef^ 12 34 

OOm 1 7 

tporeont of totBl pficv) 

$10.000^,909 35 38 

$50,000^99,999 IS 24 

$100.000^^ 32 27 

$400,000^999,999 13 9 

$1 ms^on or mom 5 2 

Type of oc^^mem 

Con^Hitersyi^ costing $200X^ 25 21 

(Mii^ con^Htftr syUMn coittng 

^o^99K, and p8r4)h9ra)s 39 

Smgle^Mf MfM^ons ($10449K) 

andnfTvmlis 27 35 

GnptUci/CAO/tonaQtng oqu^miof^ 5 3 

Otnar 4 2 

^tote: OotaasmsynoladdtololBlibocsiMornMJnc^ 
SOURCE: NBttonai Science R>uncla»oa $ns 

Most of this equiproent was located in traditional 
academic departments ($127 million^ or 76 percent), 
although a sigmTicant - and growii^ - amount 
(S34 miUton, or 20 percent) was found in specialized 
nondcpartmental research tenters. 

In 198S, 51 percent of the total inve^ment 
represented by all in-use computer science research 
equipment was con^ntrated in equipment systems 
costing less than $100,000 (Table 2). By 19^ this 
perrantage had risen to 62 percent. To some slight 
extent, this trend may reflect price reduction for 
computing equipment. It also indicates a growii^ 
)m>minence in c^mipitter sdenn defwtments <^ 
personal computers and other amfnilii^ eqitijmient 
at the low end of the surv^ prke rai^ S^e-user 
workstations and networks, which amounted for 27 
percent of the investment reprc^nted by the 1985 
Oock of in-use computer scienn mearch equipment, 
grew to 35 percent of the 1988 aock. 



because this analysli ^ hased on itefinmi qt^^tf price nnges, 
no innatkm adji^tiMiils were used in c^utattnf these 
estimates. 



Department Assessments 

Hie beads of many ccmiiNiter scbnee 
ckf^irtments/Eacilities repotted rewnt quaUtatiw 
impfovemenis in their rcKardi equipmeirt and 
suppnt services. When a^ed to assess the capatnl^ 
of exiting equifmient to en^^ facutty inv^^atcns 
to pursue their majw research intemtSy 28 pment cS 
department i;eai's in 1989 described thdr c^blfity 
as excellmt^ compared with 13 percent in and 
onfy 2 percent in 1^ (Figure 1)» Howcvct, 
2© percent still viewed their eqinpment as insi^dmt, 
a relatively mod^ dian^ htm 45 percent m 
1983. 



Figure 1. Cmiput^ s^^iee dqmtment heads* 

assessnmits vi the capaMUty of cjdsting 
equi|Hn»t to faulty Inve^ilptiN^ 
to pursue their m^or research faiter»ts: 
1983, 1986 and 1989 



ExccUem 
Adeqime 
Insuflktem 




1983 



1986 



1989 



NCTTH: FeromUges m«y mitnim to 100 becsiMf^rnaKSiRa. 
Saurce: Nstiootl Sdencc FotSMUaoo, SRS 



Besides providing an overall evaluatkm oi Uie 
equipment in their dejmtments, department heads 
were asked spedfiodly to de^ribe changes from 1986 
to 1^ in the amount and adequacy of their research 
equipment. Three-fourths of the computer science 
department heads reported either a substantial 
mmase (tx*, more than a 5D-perttia increase m 
aggregate cmt) in their ammmt oi research 
equipmeiU over this three*^ar period (31 percent (d 
departmei^) €»* an increiy&e of 10^ percent in 
aggr^ate Cf^ (44 percent TaUb 3)* Improvments 
in the general adequacy of tfieir r^earch equipment 
were dko repc»t^ by ^ porceat of computer scseve 
department teads, «1iile dedines were repented by 
only 14 percent. 
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Sources of Inventoiy Funding 

Over the period 1982 to 1988, sources of equipment 
fun^ng support for computer sdrace dcpartanntfs 
}«ve remained fairly stal^ (Table 4). In 1988. 
federal funding accounted for sl^itly less than half 
of the ^gregate dollar amount ai all tn-iae research 
equipment in the $10,000 to SI million range 
(42 percent), with the Department ai Defense 
(22 percent of the total) and NSF (17 peitctA) betng 
the principal Federal funding agenctts. Non-Federal 
equipment fundii^ supprat has onne primarily from 
privBte/indu^ sources (29 perca^ in V98S) and 
from internal institution funds (24 percent). 

Recent Federal funding has been most important fa^ 
systems costing $400,000 to $999,999, whne the 
percentage of investment nipi^ by the Fe<teral 
government increased from 23p»«nt in 1985 to 
SSpereentinl988(Tablfi4). The Federal share for 
aQ i^her co^ rangra dnlined. 



While the general trend was for the 
amount of both Fednal and oon-Fedad frm^ to 
increase from 1985 to 1988, reported increases were 
not evenly distributed across departments. Thus, only 
35 percent of computer science department heads' 
lepofted an increase b Federal e^t^meitf frmding, 
ai^ 33pm»t imported an iiurease from imitatry 
(F^ure2). 
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Equipment Needs and Prioriti^ 

lo 1989, the great majwity <^ omipittcr scieiicc 
department heads' (SSperceitt) repwted thitt the 
instnimentatira needs of their research fmsgrams 
have increa^ over the last three jncars b^use of 
expanding staff, growing research programs^ w crther 
fai^ors. No department l^ais said their 
instnmientation ntcds haw ckclined 

Despite departments' general^ increasing eqtiijpnait 
needs, there is some evidom to si^g^ that the gap 
between needed and availiMe eqiii{Hnent may be 
narrowing at some computer science def^rtments. In 
1983, 93 percent all compiUer science department 
heads reported that their researchers could ncrt 
perform critical experiments m their areas oi greittest 
interest due to the lack of i^eded equipmoit By 
1^, that number had declined m^l^y, to 
59 percent, though it still represented a majority of 
departments. 

It was noted earlier that, although the greats recent 
increases in investment have been for eqtiipmeirt at 
the low end of the study cost range (i.e., equipment in 
the $10,000 to $99,999 range), Federal support has 
become increasingly foct^ed on rel^ively 'iAg tidcet* 
equipment Apparently, this focus is coi^ruent with 
department needs. In 1989, over half the computer 
science department heads (58 percent) said that 
locreased Federal funding for equipment ymvid be 
most benefidal for equipment in the $SO>000 and 
above range, a marked increase over the 24 percent 
reporting this opinion in 1986 and the 2S percent in 
1983 (Table 5). 
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To better ictentify <tepartment needs, each 
department head ivas asked to describe and e^imate 
the cost of the three top-priority research instrument 



mcds ctf his or her department Aggpr^ting all ttf 
the responses, large computer systems costing 
S20OyO0O CH- more accounted for nearfy half 
(45 permtt) ol tl^ aggr^gitte ddlar amrant d thb 
most-neeiM equ^ott (F^ure 3)* AttteMherend 
of tte pnce ^peOrump single*!^ wrarloy^dions 
($10,000 to $49,999) and netwi^ks accounted for the 
seomd larger diare c^th«: total (19 poxent).' 



M{»t of the ^^ed equipment (56 percent of 
^regate price), was nee^ to ui^acb 
departmental capalnlities (le^ to perform 
e?q)eriments that could not be done with exi^iqg 
equipment). Otl^r equipment iras nee(ted to eiqiand 
current capacity by providii^ mwe mfks of ahrady 
existing eqiupment (26 percent), or to replao; an 
existing instrument (18 percent). 

Institution Profiles 

This section contra^ the 20 largest computer science 
reseai^ fvograms, in terms (rf 19S8 R&D 
expenditure, to mstitutions with smaller research 
pn^ams in this field on measures of average 
program soe and compositim. The heads of the 20 
largest computer science programs reported mean 
R&D expemlitures of $14 million per in^tution in 



btttttuthHtt crftefi iiHSkitc needs for fntilti;^ ccqnes (rf ittch 
cquipfiient (e^^ S12S JXX) for S wrkM^ons at S25«O0O ewh). 
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this field in 1988, and these institu&ms coltectively 
Mcmmted 69 percent oi all computer sc^^ 
R&D expenditure ^ 

As woukl be expdUd^ the larger R&D perfimners 
have lugher average annual expenditures for purchase 
of computer science research eqiupment than do 
institutions mth smaller ccnnputer s^nce research 
programs ($785,000 versus $259,000; Tabk 6), as weU 

TaMt& Rogim thanOwWic^ amtMl mptncttivM and 
pm«p«ons In cempi^ tdtnot. by ito of j mmti 
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as a miKh larger aven^ dcdlar amount <^ in^i^ 
research equsimient ($4^895^ vnsus S73iS,000; 
Tal^ 7). In additKm to tl^ expected abadute 
differences in pr ogr am ms^ inmsy cAct diflEcreMes 
between the two imtUuticm categorfes were found 



On average, iri: the ^ latest romputer science 
tn^tutkms: 

a A miuA larger {mi^mtira the current 
rcwardi equifmieitf investment was kxated 
outskfo traditicmal ^radi^nic dei»rtmeitts» in 
specialize mmdepartmcidal research centers 
(43 percent versus 3 percent; Tal^ 7); 

Tttl»7. Cli8WMti8c8 0f oompuMsMnconNMRhvqu^mv^ 
itxo of loaoBfth pfogrwRp 1088 
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■ A lai]SBr pnq^orticni ol the cmcat eqiii^eid: 
investment was concentrated in items and 
syHema eoel&s^ Mute $10fMX)0 (72 p^crat 
msiB 54 percmt; 7); 

■ A aaaSkt prqKtftum (d the current 
equipment investment was acquired m the last 
three yean (52 pnceiit vctam 62 percent; 
F%iire4); 



^'W8M26,p.l2S. 
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A much aaalter proportion of the current 
equtpmem iowi^lmeiit was for equqm^ used 
for berth researdi and iBstrucdra, as opposed 
to research only (29 perent versus 62 percent; 
Figure 4); 



ntsre4 Dbtrilmiiiiaorcurrallimtf^ 
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■ Tl^ average anKHutt ai eqmpoMait per faculty 
research was bifcr (S198W vmns 
$62,0tX)), but so was the average level of 
research usa^ per system (35 users per 
system per year versus 30; Tabb 7); and 

■ Avmge aminal maiotmaTOB/iqMur 
eiq)eiMlitures per $1,000 of itt>use research 
equipmem were lower ^1 versus $67; Table 

7). 

Wnh respect to percqrtioos, Iwads of cosninrter 
science departments at the 20 largest R&D 
instkittioitt were less fikely to say thor equipment 
was insi^^lkimt (no d^artmnts, compared with 
44 pTOntatotlffir ittstk^Mms;Td^6). COmpitf^ 
sdena department heads at the largest nostititfions 
also gave more favorable evaluaticms of chaoges thiri: 
h^ occurred over the last three years. Fca- example, 
they were mom likely to say the amount of research 
equiiMneitt had tncreued nii»e than SDpcftecirt 
(48percent, compared with 29percent). Not all 
evahiaticms of change were favorable, however. 
I^partment heads at the laigest instUntioiffi were 
more hkely to report a decrease m Federal 
equiinnent support (46 percent) than those at other 
institutions (19 percent). 
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Academic Computer Centers 



The fcmgoliig analysts oi cmnpiAtt scbmie research 
eqmpment did not imJude ^infmieot bci^ in 
in^ititfiOTs' Kntnd mainframe aMED]^ In 
1^8, tlie 174 r»cardi-perf(miiiiig ia^tOiims 
repr^ented in tins survey amtaiD^ an estimated 179 
such enters, about one per institutkm. The% 
fifties i^ovide an impOTtant eqiufmient rescmrce 
for researdi in lx» field of ompiAer scterce, ami in 
other fields as well Trencb in the Idnds ami amounts 
of equipmeni in such comfniter centers are 
summarized in tUs sec^cm. 

The data include information for five large NSF- 
fimded supercmnputer centers, v^ch are newer and 
larger than most other academic computer centers 
and are discussed separately. 

Annual Expenditures 



eqiufmient, sboiA three-fourths oi tkcsc txpm^Xmts 
were on service amtrads and field ser^ce. 

Operaticm oi cmnpirta* center eqiuimient required an 
addkional $2SDmiIU<m m 1^ Thus, unlike 
OHnputo' science, mtm fimds were spaA cm the 
operation existii^ equi{mieirt at ^m^rr renters 
than on tl^ purch^ of additional rquIi^enL 

Inventory Size %iid Composition 

As also hai^)cncd Cot computer sdeoce research 
equipment, tl^ ogffttg^l^ dollar amount of in*i»e 
research equifmient at iirademk craipitter cent»s 
more than douMed fn»n 19S2 ($423 iuUlkm) to 1985 
(^77 millicm) ami tlra grew ^ a Imver nic bom 
1^ to 1^, increasing by an inflMiou !idiu^ed 
37 percent, to $13 bilfion (Table 9). 



In 1!^ academic computer aint^ purchased a total 
oi $187 million of computing equipment (TaMe 8). 
Of this, $19 million was spent at the five NSF super* 
computer centers for an average of about $4 miUicm 
per center. Other academic computer centers 
purdiased $168 million of romputii^ ^uipment for 
an average of about $1 miUicm per romputer center* 

otfilifi, 1968 
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Cc^uipmtnl purchBMs $107 $19 $168 

Min^n«K6andf9pa»r.^ „ 8« 7 77 

8ml08 eontracti & 6tM 

99M0m ^ 82 4 56 

OMrfnMn,toolt,alc.) 22 3 18 

Pp8faBon of IV888fCll 8C|lllpn)8flL«..M.M 280 30 220 

TocMctaDsaMaiL... 156 12 144 

Ottw 18.0., lupplin) 94 18 76 

oUUtVwC. JlHPafMI UCWflCS rOmlOmBOIh oHa 

In 1988, an ^timated $84millkm wu spoit for 
nuuntenance and repair oi equiimeitt at acadmk 
compute centers. As with computer science 
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SCKiACE: iMonolSeiofmFounMoaSRS 

Much oi the omall dollar growth in «adraiic 
c^pittN miten in 19S5-S8 was di^ to tti expanmm 
of tltt NSF superomiputer {program, grew 
him $16 miffion oi cm-fine eqa|»nettt m 19&5 to $247 
millmii in 19S& Aklun^ sev^ od^ insHfuttens 
replaced tl^ exisAii^ mainframes with more 
powerful systenu in the supercomputer range during 
tbU period, the aggregate dollar amouot of 
equipment in non-NSF aca<temic computer centers 
grew only subtly, from S861 milfion in 19^ to $1006 
Inlfon, an ittcreue (tf 13 perc»tt after «dgostmeat for 
mflatkm. Thus, it qqiears tl^ «^ dim has bwn 
rai^ growth both hi vny Ivgc oompitfa' eealsn 
(those m the m^pcrcempeta lange) ai^ in 
deceatrafized oranpiting eq^mi^ (deputmatt- 
based perwaial ootoimtcn ami minis), mkbw^ 
central ctmpOa coders are playing an increa^ngly 
amfaivakatt rok in ac«icmlc research. 
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Assessments 

Tht l^tcb ci three (60 per^tt) of tl» Nl^ 
supercomputer centers described their equipmeat 
cap^Mlhks as eacnlteiit, and mmt said their 
equipment was insuflBc^ fw n»earch (Td^ 10). 
In contrast^ cmfy 17 permit ol tl» directors it oOxr 
academic computer centers reportol ex«?eUent 
eqiupment capabilities, awl 31 percent ifescribed 
tl^ir equipment as insuf!icb;]tt to me^ tl»ir research 
needs. 



TaMtia Compile ctf^<Si»cM'ass«wn«nti of Mr aqulim)^ 
•ltd tuppofi Mfvlovt, 1969 
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Qmiputer center directors were isfced to <tescribe 
how the amount and adequacy of tlieir research 
equipment h^ chaiq;ied m the last three years* 
Ccms^nt with the mventmy treiul d^ reported 
eviio*, four (80 percent) of the NSF computer cnler 
directors reputed substantial ii^reases in their 
amouitf oi wsiAc research cqmiunent, Le^ ii^reasa 
of mOTe than SO perwnt m ^jg^^^te m tl^ last 



three years (Tid^ 10). Sid>^airtid h^rrases wen 
ako rqx^^ by 23 pmnt <tf the direcUm ol cOta 
camf^aa eratos; an addbkmal 37 percnt erf oCte* 
craipitter ceitfer directiMS repott^ equqiuncnt 
increases m the 10*50 fcrecsA tb^^ Imfvovnneitts 
in tl» ovmdl actequacy cS thev equqsnc^ 9fm 
n:pOTted frar (80 porcott) ci the NSF 
supercmnfntter cenler dtrectcm and by half (48 
percent) df oth^ romputer center dnectors. Nol^^ 
superccmipidter oeirter cfiredore oofy nue^ntih of 
iKhn computer cactter (firedors (16 peroeitt) 
report^ a dediw in tl^ mi^UMy tsi thm research 
equipment 

Equipment Needs and Priorities 

Almc^ two-thirds (64percait) ci computer caAa 
directcns reported that researchers were unable to 
perfcmn cri^od experiments due to a lack of weded 
equifmient (Td)te 11). 

Like departments of ccmiputer sdeTOe, computer 
centers also generally e]q>ertenced increased 
in^nimentation needb ofmr the last three years: thb 
was true fw aU five NSF supercomputer centers and 
for three-fourths of other supercomputer and 
computer centers. All of tl» >BF superciMn|Hiter 
center directws indicated that timeased Fe^al 
funding wmild be mmt bene&ial a|^^ to 
systems am $1 miUscm, as did 52 pcncnt of otter 
computer center directors. 
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Engineering 



In i9S&, tl^ 174 ii^i^irtkms rqnreseirtai in tUs suivqr 
Cf^an^ an atfiumtcd S42 ei^iKering ctepartmorts 
and researdi CiKilitks with at ki^ ime iton of 
researdi ^tu p m c nt costn^ SlCMNX) m more. In 
adc&km, they ocnttained an e^imMed 16 ^^leera^ 
*supmystems" - large, self-contained researdi 
systems cHitside the departmeia structure, often with 
large amounts df nonmovabk tquipmeidt and usually 
costing several miUtcm ddlars (e^ very large wind 
tunnels, aoHistic t«t fadUti^ towii^ tanks, nu^pet 
1^). 



Annual Expenditures 

After increasing by $78 million from 1582 ($96 
million) to 198S ($174 millkm), annual purchases of 
engmeerii^ research equijmient increased an 
additkmal $77miUii» in 19iB to a t<^ d 
SZSlmilfira, an inflatioa*adSust^ increase ot 33 
peroral (Ti^ 12).*^ Thus, engineering wu unlike 
computer sdence in that it maintained a stead)^, 
nearfy linear growth in equipment eipenditures over 
the enth« l%2-88 period, lliis is conrnffent with 
trends in the overall level d et^pn^ring R&D 
esqpenintures, vAikh had a ^milar r^e of growth, 
from $1.4 biUion in 1985 to $2.1 Inllkm m 1988.^ In 
both years, instrumentatkm purduses aeccmitfed for 
about 12 percent of total R&D eiqiemlitur^ in 
engu^ring. 

Among the major subfields €i engineerii^ electrical 
ei^eering purchased the laig^ amount of research 
equipmeitf m 1988 (S61mal&»iX accouitfii^ for 
24 percent of the engtrcering t(^ However, 
equipment expenditures grew at faster rates from 
1985 to 1968 for materials engineerii^^^ (up an 
inflaticm-adjusted 41perceiU to $41miUi<m) and 
mechanical engineering (up 31 percent to 
$32 million) than for ete^ad en^neering (up 



19perceia). ExpoM&um in domical and civil 
engn^ern^ mnatm^ refatfivdy crtd^ 

Tataki 12. TkM'iili In wy^pwwfiHtNiitci wmbI 
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Exp^iditum fcH* maintenance ai^ re|^ of research 
^ui{miatt moewed mocfe^ bmn $33 mU&m in 
1^ to $38 milfion hi 1988» fcdhswii^ a modi larger 
increase from $21 million in 1^ (Table 12). Unlike 
craiputer science and computer cemos, ei^ynecrii^ 
departmei^ sfoA Irai cm mtfside nudittenanoe/ 
repair (service extracts as^l field service) than <m 
ii^utkm^iTOvi^ mauttenanoe/repair ($15 milficm 
versus $23 milHon) in 1^8. A total ol $88 milUcm 
WW spcirt m the q>eratkm of researdi eqi^mient m 
engineerii^ in 1988| of vAikh $73 maiicm (83 p^cent) 
was devoted to technician salaries. 



^IHs docs ROI techide the 16 nqjaeeriiv A^eiq^ietiis, whidi 
fmAncd so additioiial S) mffltoa ia itseaidb equ^MMat 
19B8L laCcmnatkio is scH avif^te tf>otit pievknif ^ai»Sii^ 
lewali M tbtse ityffttfftfhMtfc 

13 

As uml bare, "m^erteb e^H^nliqr bvliMles aiMeriab ickiice 

g wgtBWji m, cad jcpirtmc aii of censiic, aittsritlBi 
mctBUuifkml, minfa^d utd petn*o a enfiamfas. 



Inventoiy Size and Composilion 

Fhnn 1982 to 19SS, Um: aggregiUe purdiase pike of 
all ill-use cng iiM xrin g researdi egH^mmt in tbe 
$1(MX)0 to $1 mi&ni ra^ge incrcttsd fimn $395 
huUmjo to $435 nul^m. Over tlw kSknmg three 
years, firom 1985 to 1988^ tbe anunntf kA ctfopmaA ia 
this cost range grew at an even Caster pace, uariy 
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, 22 

13 



dcHMing to $828 mUlbn, m mlbticm-Mljiisted 
mcrease df 86 percem (TaUe 13), Thb b AoiA twice 
the rate of grmvth that ws^ se» for isstrumciO^ton 
in amiputcr sdence (43 percent) ai^ computer 
centers (37 percent) owr this same peruxL 



TiMtia /^9»Dite purdim prtet or i 
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Sflt^tmctMnQ$^rfmoncfino99 27 56 

BtcMol 120 249 

60 129 

84 ira 

CtMfflllcal. *"'r 38 86 
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Otm tOB W 

LuuUlNt 

Da^^mbtmni 358 702 
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Nolt: OtMbimynolittltotattlilMcauwgrioun«n0- 
BCMKB: NMomi SctonM FoundiOon, SAS 

As wen as the S828 oaBkm in 1968 researdi 
equpmoit co^iu^ wt^ Si milluHi per umt, 
eagM^rii^ itepartmrals and research fadl^ 
coirtaii^ $56 mUlHui in researdi systems with mut 
costs ai SI mSOkm or men, awl et^neerbg 
aqiersysteais ooitfained an addlticoal $49 milfian m 
movable research equ^ent, fa* a total ai^oaching 
SUnllicm ($932 million). 

Among the subfields of engmeeni^ the greatest 
dtdter aBKMUtt of researdi eqnipffleitf wu m etectika] 
engii»cring ($249 million), whkh also had one of the 
highest fates of growth fitoa 1965 to 1988 
(102 percent).^ Materials eogiiieerii« had the sin^ 



highest growth rate (120 percent) and the second- 
largest t(Mal amount oi naeardi «iui{nie^ (S189 
ffliUioo). The ronaining nugo- mMe^ of 
en^ncering had rates of growth in research 
instnunentMitm that were substantial (56-76 pNveidt), 
but well below those of the two lar^^ scdifields 
(TaWel3). 

Over CNW-thini of the total investmeitt in c nghwr c ring 
research eqo^mem wse omcemr^ed tm eqmimieitt 
in the $10,000 to $49,999 price rai^ (37 per<^ in 
both 1988 and 19SS). The eququnent price 
distribirtion did mA diange significantly from 1^ to 
19^ wUh each ^kc range maintainiBig essratiaDy 
equivalent proportions for bodi time perkxb C^sltAt 
13). 

In cmtiast to coniNtter science departments and 
comimter enters, ¥^re ensti^ researdi 
instrumeiU«^on ocm^ed afanost eitfirdy <rf 
ccHnputers, a wkte varwty of equpnem types were 
fouiKl in ragineering. Hie largest o^qginy was 
computers and data handling eqi^moit, n r c m i nt i n g 
(ox 33 pe^nt of the $839 naOkm in equqmiatt in the 
$10,000 to $999,999 range (TaUel4). Other 
cat^OT»s acGOiutting fof rdativefy large amounts of 
equipmoUt were materials testii^ equqmient (11 
percent) and *ma^ jmitoQipe imtrament syslans" 
(12 percent; $99 million). The latter category 
mdtt^ ciKtom-buih systems co^ng over $100,000, 
such as wind and water tunneh ($24 mil&m) and 
other hig^i-cDst in^ruments such as laser-iiopf^tx 
velodmeters ($26 miffiim), electron/lon/innlfyular 
beam systons ($% milliim), and spOttemg/ 
&;poshMm/|dunia et^ ^ons ($11 mil&ai). 

The types of m-use research equipment varied 
a»^derablyamc»gtl»8id^kls(tfaigjraai^g. For 
etotrkal a^o^ring (wl^ imludes ccmipi^ 
ei^ineeriag), the major category was computers and 
data huidlii^ ^t^nnent (49 peron^X uKither 
21 percent ^mffios) in mi^or pratatype 
iitttrmnatf system nuh as m o l ecul a r beam t^kiotf 
and otto ctectron^mi/molenilar beam qiiteiis 13 
milfioD). Mtferiab engbeniag, on the other band, 
had fvlativdy small invrstmpitfi in oompmers 
(lOpocent) 1^ miyor prototype intfrnmc^ q/st^u 
(11 peroeia), but h«l substantial hivestmaits in 



^^IteK frnrtli zMb ^Bies hn« been KQiMted Eo* faifMiOB. 
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of fDUiKino- 



microscopes and accessories (22 percent), materials 
testing equipmcnl (18 percent), and spectroscopy and 
lig)it measurement equipment (16 pwrccnt). 
Equipment in>v^ments in mechanical and 
engineering were both heavily ctmcentr^ed in 
computing and materials testing equipment (wfakh 
together accounted for over 55 percent of total 
investment in both subflelds). 



Department Assessments 

En^necring department heads tended to repwt 
recent improvements in the adequacy of tlttir 
research equipment, though not to the s«ne ^ree 
as was seen in computer sden^ Tte po'oait^ 
describing theb equipment as insuffidaU dedined 
moderately from 50 percent in 1983 to 41 percent in 
1989 (Figure 5). 
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Most depaitmeiit beads (69 perc»t) rcpofted 
mcrrases in their amount of n^eardi eqi^mem over 
the last tbre years: 23p«rceitf saw a sidntaittial 
bcrease, aini 46 percent a modcmt increue (T^kk 
15). In a^iitiOT, half 0! the ^q;meeriis ikfiartmeid: 
heads (51 percent) reputed an imfmimneiU in the 
overaD adequacy €^ their rescardi equipflmU« 
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Consistent with the kmgitudinal data cm trends in 
inventmy size, repmts of suhdai^ increase in 
amounts of mearch equipmeitt Q,t^ iroeases of 
over SO percent m i^gn^e doXkt valne) were 
espedaOy widesfveMl amoi^ eledriod ^^oeering 
departmeitts (49 pmx»t), awl electrical e n^we ri n g 
department heads were abo especially lU^^ to reptnt 
imiMTOvements in the overall «lbquacy ci tittir 
research eqiupment m the last three years (TAk 16). 



Sources of Inventoiy Funding 

&i relalhv terms, fttEuSng mf^M^ fof mpnming 
researdi eqidpnort hm imah^d £uriy stabte ova 
tl» pefiod 1982-88. Overall Federal fimifii^ sappi^ 
ds^i»d iraneniiat, frmn 48 pereott ei Uie total in 
1982 to 38 percent in 1988, Imt this was offwt by a 
rdirtive hwrMse in nppost from Uats government 
^f'^opritfii^ wlddi rose frcmi 6 pefoent in 1982 to 
15 percent in 1988 (Tt^ 17). Moat other 
engineering equ^m^ fnm&9 MNircn duwnl 1^ 
fliKtuat^ in thdr rdtfive share ctf the total fomliiv 
pk. 

In the 19SS^ pmod, Fednal fowliiv nqipcHt for 
^^^^a^em^y rsaoarch equ^p^^ent hceonse ^^snoasu^j^ly 
fboised oo 1^ tid»f tona coding $400^00 m 
mate Federal fin^^gaocnH^ for oa^ 29 porcent 
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of the total invt^tment in such items in l!nS, but it 
grew to SO percent in 1988 (Table 17). The opposite 
trend was seen tm equijHneitt at the other end of the 
cost rai^. Thi», Federal funding accounted tm 40 
percent of the tmal investment m $10,000 - $49,999 
items in 1985, but declined to 31 percent by 1985. 

Tabit 17. So^scm of fUiM tor acq^MHon of m— reti vqt^t'ni^nt tn 



institudcHi share Erew from 60 perceirt in 1^ to 64 
per^t m 1988. 



T«M18. Sourot of tmm for aw|iiMlon of m iii rti 9^^nmt in 
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1B8S 



196S 



Source of fimct» 



19BS 



1988 



ToM$n»»onaoffSo»ar») f43S $829 

(ptfctnf) 

Mmiwomm 48 4Z 38 

WSF 17 14 13 

NIH 1 1 1 

Diyait m a nt Of Dofww 19 15 17 

Dvp8f1fTi9r«l of Energy 6 6 4 

OBior 5 5 3 

NofvFMSmdfOimM 52 58 W 

IMllittonhmcts 30 ffl 27 

Steltyomnfntftf 6 8 15 

PifM9fln0iMy 14 20 19 

Omor 2 2 2 

Syslom fHm:nBio pftc9 (Fmfera) 

pmomofiolitfuniiing) 

S10.000<49.999 40 31 

tS0,00D«.8W 42 41 

$100.000^999 49 40 

$400.000-999,999 29 SO 

Molt: Dola^iniynolMldlototel8b9G8iis9 0ffOun^ 
80UFCB: HaHonal Sdenco Foundtiloa Sf^ 

Increases in equipment inventori^ were espedally 
immouiiced at public instituttons, which increased 
from $302 minion in 1985 to $592 million m 1988 (an 
inflation-adjusted 91 percent increase; Table 18). 
Private institutions had a lower inventory growth rate 
(74 perceitt), and the inv»tmy ddbr increase w% 
only about <H^-third as peat as that at i»ivate 
intfitulions. The result is that puUic uu^tuticM^ 
whkh contained 69 percent ctf the 1^ natkmal 
inventory of ei^ineering researdb equipment, 
OHttained an even larger diare in 1^ (71 percent). 
This b consistent with a simUar shift seen in overall 
mgmeering R&D expenditures, wl^re the public 
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SOUfCE: N8BonBiScim«FounclaeDn,8f» 

FvbUc mstitutions ^owed a btfx4 mix of equipoient 
fimdii^ sources. Fe^ral fimding was sub^aitful (at 
$183 milUon), but mm-Fcderal fundiiig was 
considerably greater ($409 millioii). Tl» greyest 
amounts vftre recer^ from institutiim funib 
($172 million), state govenuneiit ($114 milfion), 
private/indu^ sources ($110miUkm), and the 
Department of Defense ($^ milfimi). 

Private inslitutjoas bad a (tiffmnt funding patton. 
They received mosl of theb en^neoii% 
in^mnentatbn funding frcun Fe^^ swrces 
($130 millicn), wlucb increased in fatal itollars nnce 
1^ but declined in perceittagB Uxms (from 
60 percent to 55 percent). Tbe larger sources of 
fumUng at private ii^tutiras were Dei»rtment ci 
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Defense ($58 miUion), NSF ($53 millioii), isstitution 
funds ($49 million), and private/indo^ funds 
($46minion). 

As with computer science, en^neeiii^ Apartments 
varied greatly in the cha^ig» in tnstrument^ton 
6uppc»t they pqperienced* For ai^ ^ven source of 
fimdii^ support (Feiteral, ^ate, institutimi, private 
nonprofit^ ot iiulustry), at Imt half oi ti^ 
engineering <fepartment heads reported no significant 
change (Figure 6). Though the value of Feiteral 
funding increaud 68 percent overall, mem 
department heads reported a decrease in Federal 
support (29 percent) than an increase (20 percent)* 
State ftmding more than tripled; nevertl»te^ 
increases from this source v^re reputed by mfy 
28 percent of the department hea(^ and decreases by 
19 percent. 



Flgurtti. Chan^ In lintrunmtatkm ftmding 
support over the last thrte y^m fai 
engineering, liy aowoe ^ ftmlh^ 1^ 
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Equipment Needs and Priorities 

DespUe tlu^ recent influx erf* equipmeitt, most 
eng^^ring ^partmoit l^ds (70 p^cen!) continue 
to repOTt thirt there are impcHtaat subject areas 
«4^re their r^earchm canned do critical 
^cperiments due to a lack needed eqi^miatt, 
aldiot^ thk {H'cqxHrtion is lower than & was in 1983 
(89 pmoit; Tabfe 19). One reason is thitf repeated 
instrumentation needs have increased between 1986 
and 1989 fw 80 pemnt of engineering ctepartmeitts. 
and decrea»d f<^ only S percent 

The percentage of en^neering department heads 
reporting that increased Federal funding would be 
most beneficial for syi^ms m the $50,000 and above 
range increased markedly from 1986 PO percent) to 
1^(57 percent; Table 20). This ts consistent with 
the (^served trends noted earlier toward increased 
Fe<teral focus im funding of big ticket eiigineering 
equipment. 



TaM20. Gngmeartng dapartm iK XmM 

MfMMd FMtnl ftinding tftfouM ba fnoil 



of wtisw 



CM mngt 


1983 


1986 


1989 






(pifvanQ 








0 


1 


DyilimiintSO,<Wfl ntiwon 












30 


87 


nyMms ki tfaooMSfMSO fangs 


ao 


98 


38 


&ihMiOMiiifii cf 0mifii lib 








M|ul|Niiinl Iptnifai^ IMS 








manfiOi,0D0)^ 


a 


8 


8 




a 


4 


0 



aoi^WE: 



100 



flf leundlnOi 



07 



18 



ERIC 







m 












Wicnwlnii 






CM 


Ohm 



net 



tioaooe«e^ 
fMo^ooeflOMW 
fimminorincm^ 



M'MS aM*« •< • t • t •I 



s 

7 

ae 

40 
14 



1 
t 

33 
41 
23 



1 

18 
40 
» 
1i 



f 

a 

91 
43 



•43 

11 
36 
48 
0 



m 



e 
e 

37 

33 
13 




tiae 



a 
i 

39 
43 
8 



ia 

47 



i^retn^w nwy iwi ■!« 10 100 B«cM» cf «iindii«. 



AnoOwr iiidicalion of the growing impOTtancc of 
hirii^ost equipment is that 90 peiewit of tte 
aggregate cost of the research equiimeni feported by 

eimneering department heads as being Ihdr three 
top priority needs cost $100,000 w more (Tabte 21). 
Much of this equipment was needed to up^ade 
department capabilities (57 percort of the afflyegate 
price), whik 30percent was newted to rapand 
capacity (more co^ of existing equipment), and 
13 percent to replace existmg instruments. 

Tte overall distribution, by type, of neeited research 
equipment in cngjiwering (Table 22) was general^ 
similar to the distribution of adsting research 
equipment (compare to TaWe 14), althoug^ 
di£ferences among siAfieWs were perhaps clearer and 
more pronounced in the equipment Meds d^ In 
electrical engineering, for ejomple, hi^ co^ 
molecular beam epitaxy, ion beam lithography, and 



other ekctron/ion/mdecular beam equii«nMl 
accounted for nearly a third (32 percent) of the 
a^reg^ erf afl lop prkMrity equipment needs. 
Material t^ng equipmeitt was very prominent 
among the equi^ncnt needs in dvil engineering (53 
percent (rf aggregate price) and, to a tesser extent, in 
mechanical enguwering (33 percent). In both 
matttiab and dwanical engioeerii^, ^ectroscopy and 

microscopy eqmpment together accounted for about 
60 percent of the top priority needs. 

Institation Profiles 

In 1988, the 20 largest engineering R&D pcrfonnws 
had mean engineering R&D expenditures of $53 
million per institution, and they coUectivefy accounted 

for half (51 percrat) rf afl academic R&D 
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oqienditiu^ m engii^ejing.^^ Hiis seUion compares 
these ti^ 20 engineering research insdtittioi^ - 
nittdi arc presumaMy the best*equipped {digrams in 
the naSkm - to in^ituticms with smaller en^proering 
research prt^rams on measures of average prc^ram 
and compositkm. 

'Hie top 20 institutkms purchased an average erf $4.4 
n^Ucm in engbn^ring research equipment per 
mstitutton in 1988 (Table 23), and they had 
ac cum ul at ed invoitories of et^ineerii^ re^arch 
equipment averaging S20.6 milUon per institution 
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(Td^ 24), Ctai ttese and mher mewum df jmsgram 
aze, the aver^ fm* the tqp 20 institutioii was four to 
UK times larger than the avr4'4ge for in^tUutkms wkh 
smalter ei^umrii^ research pn^ams. 
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Other than th^ expected differences in program 
size» howem» most mstrmnentatkm-rdated 
characteristics of the top 20 mstitottGiis also applied 
to tl» smalls ra^i^ering research ^ogran» as well 
¥m exmkfk^ tte ^Oribtrtkm equifmiem-ielated 
anniial expenditures among the various categories of 
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29 



Wis casseitfiftlly the same for the smaJto programs as 
for tlK laifc^ eagpieeriiig mtfhtfioiis (e^ hcA 
spaA ibaat two-thirds the t<^ cm eqiuimiesit 
{wdiases a&d one*third cm the ocmlmiiAkm of 
^aipiaem maimcnanfr/rcjiair and opcralfon). 
t^fmpsKOt in tl^ two types id t^kmkms was 
»milariy didtrilnited by kKaticm (depaitmaOs vnsus 
spcdaUkcd i»>i»teparUiieitfal C^lfttes) and hy 
aiid price raii^ and the two typn of tntfkutkms ^ 
similar amage numbers oi researdi iism per 
system, similar relative levels of equipment 
maintoiance costs, etc 

In these mdic^ ctf the aUocaticm and CHrganizati<Mi of 
equipment-related resources, the differences between 
the bnt equipped institutions aiui those with smaller 
research programs are not nearly as pronounced in 
eq^eering as was seen earlier for computer science. 

On qualitative Ksessment measures, however, 
depar^ent heads in the largest enguieerii^ 
imtitirtions were more satisfied with their 
instrumeL'Jition situations than tiu^ in in^ittioiis 
with smaller engineering mearch jvc^am^ on 
averie^. Thus, enguieering departaient heads itt the 
top 20 instituti<nis relatively often assessed the 
actequacy of their current i^seareh equipment as 
adequate or better (73 percent versus 54 percent), 
reported that the adequacy of their equipmeitt had 
improved over the last three years (61 percent versus 
48 perxnt), reported th^ the amount of their 
resf ^ ji equipment had increased over the last Uiree 
years (81 percent versus 65 percent; Table 23). On 
balance, however, the magnitude of the differences 
between the largest and the smaller research 
performers was not nearly as great in ei^neering as 
in computer science* 
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APPENDIX A 
LIST OF SAMPLED INSTITUTIONS 
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iNsnrunoN s/vmple 



Brown University 

California Institute of Technology 

Colorado St. University 

CcMmell UniversiQr 

Duke University 

Georgia Institute of Technology 

Harvard University 

Johns Hc^kins University 

Louisiana State University 

Massadiusetts Institute of Technology 

Midugan State University 

Mi^issq^i State University 

New Mexk^ Ini^tute of Mining & Tedinology 

North Carolina State University 

Northeastern University 

Northwestern University 

Ohio State University 

Oklahoma State University 

Oregon State University 

Pennsyhrania State University 

I¥inceton University 

Purdue University 

Rockefeller University 

Stanford University 

Stevens Institute of Technology 

Temple University 



Texas A&M University 

Tex&s Tech University 

University of Arizona 

University of California at Berkeley 

University of California at Davis 

Umveraity of California at Los Angeles 

University of Califomia at San Diego 

University of Cratral Fbricte 

University of Colorado (Boulder A Denver) 

Uni^^uty of CDnnectkut 

University of Dayton 

University of Denver 

Umversity of Illinois 

University of Iowa 

University of Kansas 

University of Maryland 

University of Michigan 

University of Minnesota 

University of Nd»3^ 

University of North Dakota 

Umvo^ty of Oklahoma 

University of Pennsylvania 

University of South Alabama 

University of Tecas 

University of Washington 

University of Wisconsin 

Virginia Polytechnic Institute 

Washington State Universty 

Yale University 
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ADVISORY PANEL MEMBERS 



Dr. Mar H, AMbredit, Aaing Oiairniaii, Department of Phyudogy, Uniformed ^rvlctt Univr mty 
the Health Sciences 

Dr. Drools Bams, Associate Vice Fre^dent for Government^ Relations, University of Virginia 

1^, HarvU Eatim, Assodate Vke Chancellor for Research, Louisiana State Unhvrsity 

nr. Robot F. Jcmcs, Director, SeOion on Institutional StuiUes, Assodation ci Ameriran Med^ 
Colleges 

Ms« Carta RafTelto, Senior MIS Analyst, Information Systems and Administrath« Services, University of 
California 

Mr. Allen J* SinisgalU, Vice Provwt for Re^arch Administration, Princeton Univerdty 



Ex-Omdo Advisors 
NSF 



Ih*. William F* Butcho*, Head, Office of En^neering Infrastructure Devebpment, Directorate fcnr 
Engineering 

Ih-. Kenneth G* Hancock, Director, Divi^on of Chemistry, Directorate for Mathematical and Physical 
Sdences 

Mr. Paul J. Herar, Planning and Resources Offirer, Directorate for Engineering 

1^. Jmeph Reed, Pn^am I>ire(lOT fw Instrumentation, Diviuon of Chemistry, Diredorate for 
Mathematical and Phyucal Sconces 

1^. Ahin L Tliato, Pn^am Director, Div^n of Computational Mattematics, Diretforate of 
Mathematical and Physical Sdences 

Dr* Jamw W. FlmbeiiB, Chancellor (retired), Louisiana State Uni>^nuty, Spedal Consultant to NSF 



NIH 

■ I^. Mnrr^r Eden, Chief, Biomedical Engineerii^ md Instrumentation Branch, Department of Research 
Services 

m Dr. Caroline Holloway, Acting Program Director, Division of Research Resources, Biomedical 
Technology R^earch Program 

• nr. MlchMl Rogers, Program AdminitfratOT, Pharmaa>lo^cal Science I^ogram, NIGMS 

V Or* Maijorte Huj^, I^ogram Director Biomedical R»eard» Suf^iort Pn^ram, Natkmal Ceirt^^ for 
Research Resources 
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